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Farmer field schools (FFS) originally 
were developed for rice in Asia by the 
Food and Agriculture Organization of the 
United Nations (FAO) for teaching inte-
grated pest management. These were sea-
son-long courses involving 25 farmers and 
a trained facilitator. The main focus was 
promoting learning by discovery, which 
included hands-on training activities such 
as insect zoos and the use of field experi-
ments to compare integrated pest manage-
ment (IPM) strategies with farmers’ prac-
tices. Later, diseases such as rice blast also 
were addressed (8,11). More recently, the 
FFS model has been adapted to potato 
management in the Andes and other re-
gions. Strategies for the management of 
potato disease problems such as late blight 
depend on local environmental conditions; 
therefore, control strategies need to be 
adjusted to the local environment. This is 
one reason why farmer participatory re-
search (FPR) may be an important addition 
to the FFS model, because it encourages 
local experimentation to determine optimal 
management strategies. In Peru, the FFS 
approach was adapted with an emphasis on 
participatory research, particularly for 
testing promising resistant clones and fun-
gicide strategies for late blight manage-
ment. The Peruvian FFS have been de-
scribed in more detail and in comparison 
to Asian field schools in a recent Plant 
Disease Feature (8). In this discussion, we 
will review the structure and features of 
the Peruvian FPR-FFS projects briefly and 
then emphasize the different types of bene-
fits that might be achieved by FFS and 
FPR, and some approaches for evaluating 
the magnitude of these benefits. 
With the support of the International 
Fund for Agricultural Development (IFAD) 
and the OPEC Fund for International De-
velopment, the International Potato Center 
(CIP) and partners implemented an FFS 
program between 1999 and 2002. Activi-
ties were undertaken in Peru and also in 
Bolivia, Ecuador, Uganda, Ethiopia, Bang-
ladesh, and China. In the case of Peru, CIP 
established a collaborative agreement with 
the nongovernmental organization CARE-
Peru, which had experience with potato but 
had not utilized the FFS methodology. In 
Peru, FPR-FFS consisted of 15 to 25 farm-
ers who worked with a facilitator, an ex-
tension worker trained in teaching, partici-
patory research, and agricultural science. 
They usually met every 2 weeks, following 
a format structured around a field guide 
with learning and research activities. An 
experimental field was used as a central 
point for farmers to consider different 
management approaches. In addition to 
farmer participation in technology evalua-
tion, farmers provided feedback for evalua-
tion of the programs and improvement of 
the FFS methodology. 
Potato late blight was a natural emphasis 
for the schools because it is the most im-
portant concern for potato growers in the 
Peruvian Andes. It is estimated that 15% of 
potato yield is lost directly to late blight, in 
addition to the cost of an average of six 
fungicide sprays per crop for adequate 
management (10). In a recent survey of 
farmers in Cajamarca, Contumaza, and San 
Miguel, Peru, late blight was perceived as 
the most important potato pest (10). Like 
many other plant diseases, late blight is 
challenging for farmers because of the 
complexity of the pathosystem, because 
the pathogen generally is not visible to the 
naked eye, and because the symptoms of 
the disease are not immediately visible due 
to a latent period. For late blight, both leaf 
and tuber blight are possible and the rela-
tionship between severity of leaf and tuber 
blight is complex. Although farmers gen-
erally have made extensive observations on 
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insects and the symptoms of diseases, their 
ability to interpret these systems often is 
limited due to insufficient knowledge of 
underlying processes (2). Late blight can 
be especially difficult for farmers to man-
age. Epidemics are explosive. Currently, 
cultural controls are dependent on combi-
nation with other management techniques 
(4–6). Resistance is useful but still de-
pendent on the use of fungicides for reli-
able management. The relative perform-
ance of cultivars can vary greatly, such 
that, under low disease pressure, all may 
appear resistant whereas, under high dis-
ease pressure, all appear susceptible. FPR-
FFS can act as both a source and recipient 
for new data about the performance of 
these management approaches and im-
provements to them. 
As a first step in determining the content 
of the FPR-FFS curriculum, farmers were 
surveyed to determine their current level of 
understanding. Although levels of knowl-
edge varied, most farmers did not know 
that late blight is caused by a microorgan-
ism (10), or about its dissemination and the 
factors that facilitate or slow disease pro-
gress. In general, small farmers in Peru 
have limited access to education and to 
formal extension services, and lack the 
appropriate skills for late blight diagnosis. 
Peruvian farmers tend to depend on infor-
mation from their families, neighbors, and 
pesticide salespeople (9). Fungicide use is 
by far the most familiar control practice for 
late blight, but knowledge about different 
types of fungicides, doses, and appropriate 
use is rare (10). 
In response to these gaps in the knowl-
edge necessary to implement IPM pro-
grams, a representative set of FPR-FFS 
learning sessions was developed to include 
the following topics: (i) introduction and 
work plan: establishing the responsibilities 
of participants; (ii) principles of experi-
mentation: the concepts of replication and 
randomization; (iii) seed quality and dis-
ease dissemination: the importance of 
high-quality seed; (iv) agroecological 
analysis: observing and analyzing fields 
for late blight progression; (v) insect and 
pathogen reproduction and dissemination; 
(vi) introduction to IPM: the general con-
cept and types of control measures; (vii) 
fungicide use: types, doses, frequency; 
(viii) genetic resistance: the concept of 
resistance; (ix) production costs: compar-
ing the costs and benefits of different pest 
control options; and (x) postharvest man-
agement: storage methods. 
The addition of FPR components to 
FFS shifts the emphasis of the approach. 
FFS components include an informal 
adult education approach. FPR adds an 
emphasis on participatory research with 
the purpose of technology development 
and training. Research-extension partner-
ships are needed to fulfill farmer expecta-
tions, and also may make more efficient 
development interventions. For example, 
results of FPR-FFS provided the basis for 
CARE-Peru’s decision to provide credit 
for farmer groups to purchase and multi-
ply seed of the most promising cultivars 
and clones identified from FPR-FFS. In 
this program, research results were taken 
into account immediately within exten-
sion strategies. Local research networks 
shared work and data across communities 
through field days, workshops, and ex-
change visits. 
FPR and FFS activities sometimes may 
be in conflict. For example, the experimen-
tal designs tested sometimes were found to 
be overly complex for training of farmers. 
Obtaining farmer input into the design of 
experiments was identified as an important 
objective. Participatory trials were adjusted 
because the experiments initially were too 
complex, the quality of participation in 
FPR was low, and improved methods for 
participatory data collection and sharing 
were needed. Midterm corrections for 
improvement of the FPR included im-
provement of FFS educational activities, 
such as methods for recording data and 
adaptation of research methods to the ob-
jectives of each experiment. 
During the process of implementing the 
FPR-FFS in Peru, the quality of the pro-
grams was improved based on farmer sug-
gestions. Educational activities needed to 
be adjusted for late blight management in 
potatoes compared with rice management. 
Decisions in potato IPM are longer term 
and damage to tubers is not easily de-
tected. Midterm corrections included im-
provements to the IPM program for cover-
age of more issues, more tailoring to local 
needs and interests, and revision and re-
structuring of the Field Guide to make it 
more flexible. Following these revisions, 
the Field Guide was completed and for-
mally published (1). 
Fig. 1. Scores on an exam given during the 1999–2000 cropping season in
San Miguel, Peru, over material taught in the local farmer field school
(FFS) program. The exam consisted of 27 questions taken from the FFS
field guide. The black line within the boxes indicates the mean, the box
covers 50% of observations, and the lines indicate the range of scores. A 
Mann-Whitney U test indicated statistically different scores for the differ-
ent groups. The Control 1 group was composed of 20 nonparticipant 
farmers in communities with FFS. The Control 2 group was composed of
35 nonparticipant farmers from communities without FFS. The Andino
group was composed of 15 participants in the technical assistance project
“Andino” who had received conventional extension training. The FFS
group was composed of farmers who have participated in FFS (8).  
Fig. 2. Scores on an exam given during the 1999–2000 cropping season in 
San Miguel, Peru, over material taught in the local farmer field school 
(FFS) program. The exam consisted of 27 questions taken from the FFS 
field guide. Results of the exam are presented in terms of length of time 
the person taking the exam had spent in an FFS program. The black line 
within the boxes indicates the median, the box covers 50% of observa-
tions, and lines indicate the range of scores. Letters indicate significance 
groupings based on a Mann-Whitney U test (data from Peru 2001); FPR = 
farmer participatory research. Based on results from 86 nonparticipants, 
29 respondents with 1 year of participation, 32 respondents with 2 years
of participation, and 11 respondents with 3 years of participation.  
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Clearly, FPR-FFS programs can provide 
a wide range of benefits. The direct bene-
fits to participants in the programs may 
include improved decision-making abilities 
for late blight management and improved 
access to potato cultivars that are well 
suited to the local environment. Members 
of the community who did not participate 
directly in the FPR-FFS may also benefit 
to some degree because they, too, have 
increased access to locally adapted culti-
vars and exchange of information with 
participants. The community as a whole 
benefits from having regular community 
gatherings to address topics of mutual 
interest. Of the 20 FPR-FFS implemented 
in San Miguel, 16 decided to continue 
meeting regularly in FFS groups facilitated 
by farmer-facilitators after the formal pro-
gram had concluded. Farmers are taking 
steps to formalize an association of FFS 
through which they could continue work-
ing on other topics such as problems in 
livestock management. The more general-
ized benefits of FPR-FFS programs may 
include improved estimates of the per-
formance of management techniques and 
new germ plasm and cultivars, both in 
particular environments and in the region 
as a whole. Breeding programs that have 
access to information about the perform-
ance of crop genotypes in more locations 
and more different types of locations may 
benefit from improvements to both the 
precision and range of their estimates of 
genotype performance. The precision of an 
overall estimate of performance may be 
improved and the range of environments 
for which performance can be estimated is 
expanded. 
Evaluating the direct benefits of FPR-
FFS for the immediate participants. At 
least two different approaches can be taken 
for measuring the direct benefits for the 
field school participants. One approach is 
to estimate how much participants know 
about crop and disease management com-
pared with nonparticipants, an indicator of 
enhancements to human and social capital 
because group action is strengthened (3). 
The enhancement of these types of capital 
at the community level seems to be a pre-
requisite for the adoption of knowledge-
intensive technologies such as IPM. It 
might be assumed that this knowledge 
often leads to improved management deci-
sions that would result in greater short-
term economic returns for participants and 
also, potentially, greater long-term stability 
in productivity and greater safety for farm-
ers applying pesticides. A second approach 
is to estimate the potato yields obtained by 
participants compared with nonpartici-
pants. This approach more directly ad-
dresses the short-term productivity gains 
for participants in FPR-FFS. 
The first approach was taken in an 
evaluation of the Peruvian FPR-FFS pro-
gram in 2000 using a survey. This survey 
was completed by 20 nonparticipants from 
FFS communities, 35 nonparticipants from 
non-FFS communities, 15 participants in 
programs with other training strategies, 
and 35 FFS participants. The survey was 
composed of 27 questions taken from the 
curriculum of the FFS. The questions cov-
ered such topics as the origin of late blight, 
dissemination, inoculum sources, control 
methods, and fungicide use. The results of 
this survey showed that participants in the 
program did know the material covered in 
the program better than nonparticipants 
(Fig. 1). A 2001 survey also tested farmers’ 
knowledge of the material from the pro-
gram as a function of the number of years 
of participation in the program. The results 
indicated that an additional year of partici-
pation past the first year was beneficial for 
increasing knowledge of the FFS material, 
but that a third year was not cost effective 
(Fig. 2). 
It may be possible to identify particular 
concepts about a cropping system that are 
likely to lead most directly to improved 
management. For example, different late 
blight management strategies can be fol-
lowed depending on whether susceptible or 
resistant cultivars are being grown. One 
concept covered in the FPR-FFS program 
was the potential to use fewer fungicide 
applications when managing late blight in 
resistant cultivars. In a 2001 survey of 158 
San Miguel farmers, participants in the 
FFS program were more likely to be aware 
that using fewer fungicide applications was 
an option for resistant cultivars (Table 1). 
Each fungicide application costs approxi-
mately US$20/ha. If three fungicide appli-
cations can be saved through use of a resis-
tant cultivar, this would lead to a US$60/ha 
savings if the farmer were aware that re-
duced fungicide applications are appropri-
ate. The number of fungicide applications 
needed is strongly affected by the weather 
conditions of each year; in years with high 
late blight pressure, participant farmers 
spray at least one time less than nonpar-
ticipants, while this may not be the case in 
years of low disease pressure (14). 
In a direct comparison of yield produc-
tivity for FFS participants and nonpartici-
pants in 1999 to 2002, Zuger (14) found 
higher productivity in 233 plots managed 
by participants compared with 254 plots 
managed by nonparticipants (Fig. 3). In 
particular, participants achieved the highest 
levels of production in this study. Zuger 
(14) estimated that participation in FFS 
produces an increase in income of 
US$236/ha/year. Participation also may 
result in enhanced food security because 
more knowledgeable farmers can take the 
risk of planting during the rainy season; 
thus, more options are available to them. 
Challenges for constructing compari-
sons between FPR-FFS participants and 
 
Fig. 3. Potato yield for farmer field school participants and non-participants in San Miguel, Peru 
(2000-2001 cropping season). Black lines inside boxes indicate the median, boxes cover 50% of ob-
servations, and outer lines indicate the range of scores. Numbers indicate the average yield per group, 
which were found to be significantly different using a t test (adapted from 14); FPR-FFS = farmer 
participatory research- farmer field school program.  
Table 1. Results from a survey of farmers in San Miguel, Peru, who either were (72 respondents) or 
were not (71 respondents) farmer field school (FFS) participantsa  
Technique Participants (%) Nonparticipants (%) 
Same management for resistant and susceptible 29 79 
Fewer fungicide applications for resistant 71 21 
a Farmers were asked whether the number of fungicide applications should be the same for resistant
and susceptible cultivars. Farmers tended to think that resistant and susceptible cultivars should be
managed the same prior to FFS participation (14). 
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nonparticipants include the need for real-
istic control groups. Farmers who are 
interested in participating in FPR-FFS 
programs may be those who already are 
more knowledgeable and more motivated 
to gain knowledge. Farmers who are will-
ing to participate in studies, even as non-
participant control groups, may be more 
knowledgeable and motivated than the 
average farmer, though a study by God-
land et al. (7) reported no significant dif-
ferences between FFS participants and 
nonparticipants in San Miguel in terms of 
socioeconomic characteristics such as 
education. 
An indirect measure of the benefits to 
participants in a FPR-FFS program is the 
sustainability of the program, assuming 
that participants are more likely to support 
programs that they find useful. When the 
FPR-FFS program began in San Miguel in 
1997, CIP-CARE took most of the respon-
sibility for programs. Since then, farmers 
have been trained as facilitators and re-
sponsibility for programs is shifting so that 
farmers now have the greater responsibility 
for programs. In 2002, 12 out of 16 FPR-
FFS were facilitated by farmers. Farmer 
facilitators were trained to help bring about 
this shift in responsibility, allowing the 
programs to continue at a reduced person-
nel cost. 
Evaluating the benefits of FPR-FFS 
for the development of improved culti-
vars and IPM approaches. In evaluating 
the benefits for the development of culti-
vars and recommendations for techniques, 
we again can consider less-direct and 
more-direct evaluations. Less-direct eval-
uations include those that estimate how 
much information has been gained by the 
inclusion of additional FPR-FFS sites. 
Traditionally, the development of cultivars 
(or management techniques) may be based 
on evaluation of performance at only a 
small number of managed research sta-
tions. Additional information from FPR-
FFS networks can be beneficial for esti-
mating performance both through the gen-
eral statistical benefit of additional data 
and also because the estimates are based 
on the conditions in which farmers work. 
Research stations may have access to bet-
ter land and better management than the 
average farmer. The large number of sites 
available for study as part of the FPR-FFS 
network also allows disease to be studied 
in a great range of environments within a 
single season. Areas such as the Peruvian 
Andes experience huge differences in envi-
ronment over small distances (Fig. 4) and 
these differences are reflected in the range 
of disease severity at the different Peruvian 
FPR-FFS sites. For example, in communi-
ties located at 2,800 m, such as 
Lanchepampa, light blight severity is much 
higher than for communities such as El 
Empalme, located at 3,300 m. In the 1999–
2000 season, each set of breeding lines 
was tested by 3 to 4 communities, and a 
three- to sevenfold difference in average 
area under the disease progress curve was 
observed among sites for a given set (CIP, 
CARE-Peru, and farmer groups, unpub-
lished data). A more direct measure of 
benefits is the success of new cultivars or 
techniques that have been promoted as a 
result of their success in FPR-FFS and that 
might not otherwise have been promoted. 
Evaluating this form of benefit may require 
a number of years of observations. 
The development of potato cultivars in 
conjunction with the FPR-FFS sites in 
Peru followed the following progression. 
As part of CIP’s breeding activities, 
crosses made in 1996 were reduced to the 
5,000 best clones; in 1997, these were 
reduced to the best 500 clones; and, in 
1998, these were reduced to the best 50 
clones. The best 25 clones of the B3C1 
population were included in breeders’ trials 
and in FFS trials in 1999 and 2000 for 
selection of the best 10 clones in 2001–02. 
Inclusion of the clones in FFS studies al-
lowed evaluation in 20 more communities 
than otherwise would have been possible. 
A potentially very important benefit of 
including more sites through participation 
of FFS groups is the increase in the chance 
of early detection of the breakdown of 
resistance while the new pathogen geno-
types may not yet be widely dispersed. The 
importance of this benefit also may be 
difficult to evaluate in the short run. In 
addition, there are at least two other com-
ponents to benefits from having more site-
years included in an analysis of the per-
formance of a cultivar or technique. First, 
more site-years will allow a better estimate 
of the overall performance of a particular 
technology (13); this component will be 
discussed in more detail below. Second, 
more site-years will allow consideration of 
which technologies may be specialized; 
that is, which cultivars or techniques may 
be better adapted to some sites and less 
adapted to others. How large is the advan-
tage of a local recommendation compared 
with the overall recommendation? This 
second question deals with the direct bene-
fit to individual communities from the 
opportunity to select cultivars more spe-
cifically adapted to their local environ-
ments. We are in the process of developing 
an analysis to compare cultivar recom-
mendations within a location to the overall 
cultivar recommendations. Our goal will 
be to estimate the extent to which locally 
recommended cultivars outperform those 
that would be recommended based on a 
(continued on next page)
Fig. 4. Meteorological and micrometeorological data for San Miguel, Peru, during January to April
2001; A, temperature, B, relative humidity, C, leaf wetness duration. Weather data were interpolated 
using a Digital Elevation Model-DEM (adapted from 12).  
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regional or overall performance index. 
This will be one measure of the benefit to a 
community of having the opportunity to 
test cultivars for itself rather than relying 
on overall recommendations. 
To illustrate consideration of the first 
component, the overall performance of a 
cultivar or technology, we analyzed the 
data sets from the Peruvian FPR-FFS pro-
grams. Most site-years in this study in-
cluded the standard cvs. Amarilis (moder-
ately resistant to late blight), Yungay 
(moderately susceptible), and Tomasa 
Condemayta (highly susceptible). As one 
measure of the benefit to the overall esti-
mate of performance of these cultivars 
from including more site-years in the esti-
mate, we performed the following compu-
tational resampling analyses using a custom 
script written in MatLab (v. 6.0; Math-
Works, Natick, MA). We calculated the 
mean yield of each cultivar by sampling 
between 1 and 42 site-years for Amarilis 
and Yungay and between 1 and 39 site-years 
for Tomasa Condemayta. For example, to 
calculate the yield estimate based on a sin-
gle site-year, the estimates for Amarilis 
yield from each site-year were assembled to 
produce the collection of single site-year 
estimates. For the two-site-year estimates 
for Amarilis, yield of Amarilis from pairs of 
site-years was averaged to produce an esti-
mate and these estimates made up the col-
lection of two-site-year estimates. Similarly, 
for the three-site-year estimates, estimates 
were the mean from triplets of site-year 
yields. These estimates were plotted for 
each of the three standard cultivars as a 
function of the number of site-years con-
tributing to the estimate (Figs. 5 and 6). 
Two different versions of this analysis 
were performed. In the first, the absolute 
yield estimates were used for the calcula-
tion. Because the average yield varied 
greatly from site-year to site-year, esti-
mates based on the mean absolute yield 
from a small number of site-years were 
highly variable. This analysis is informa-
tive, but exaggerates the problem of esti-
mates based on low numbers of site-years 
somewhat because the most important point 
is the relative performance of cultivars at a 
site (Fig. 5). We also performed a second 
analysis to consider more directly how rela-
tive yield performance differs from site-year 
to site-year and how much an estimate of 
overall relative yield performance may be 
improved by inclusion of more site-years. In 
this analysis, the yield of each cultivar at 
each site-year was standardized by dividing 
by the average yield of the three standard 
cultivars for that site-year before being 
included in the resampling analysis. Then 
the estimates were calculated as for the 
absolute yield estimates (Fig. 6). 
The results of these analyses can be in-
terpreted in terms of how the variability of 
estimates changed as more site-years were 
included in producing the estimate. The 
variability in estimates (Figs. 5 and 6, the Fig. 4. (continued from previous page) 
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vertical scatter) declined as a larger num-
ber of site-years were used to produce the 
estimate. For the analysis of absolute yield, 
after approximately 15 to 20 site-years 
were included, the benefit from adding 
additional site-years became small. For the 
analysis of relative yield, the benefit of 
adding additional site-years became small 
after 10 to 15 site-years were included. 
However, additional site-years might still 
contribute very useful information for 
participants if performance of a cultivar or 
technique tends to be site-specific. 
One of the more direct measures of the 
immediate benefits of input from FPR-FFS 
programs to the development of new culti-
vars is the extent to which new cultivars 
are released based on the response of farm-
ers in FPR-FFS programs. FPR-FFS also 
can prove useful for screening the success 
of clones in more challenging environ-
ments than might be present in the experi-
mental farms used by breeders. As an ex-
ample, two clones that might otherwise 
have been considered promising were re-
jected due to tuber deformation and low or 
unstable yield in some Peruvian FPR-FFS 
environments. These rejected lines were 
submitted by two institutions, in each case 
accompanied by lines that performed well 
and were subsequently released, suggest-
ing that the institutions lacked sufficient 
information to discriminate the better- and 
worse-performing lines. Input from farm-
ers also can lead to clones being screened 
quickly if they are not attractive in terms of 
harvest characteristics or tuber characteris-
tics and culinary quality. As an example of 
the success possible from input from FPR-
FFS, three cultivars were released in 1999–
2000 by National Agricultural Research 
Systems in Peru from lines that received 
positive ratings in the FPR-FFS program. 
In this case, farmers confirmed recom-
mendations based on several years of 
evaluation in other parts of Peru. The in-
clusion of farmer participation in breeding 
efforts may accelerate the selection and 
adoption of new cultivars because valuable 
materials are entered immediately into 
informal seed production systems. In 2002, 
4% of the potato production area in San 
Miguel was planted with clones selected 
through this program that farmers had 
multiplied from small quantities of seed 
initially introduced through FPR-FFS 
trails. Seed multiplication rates are low for 
potato (compared with cereal crops, for 
example) and it will be useful to evaluate 
follow-up information to determine how 
well these new cultivars perform in future 
years. Another evaluation of benefits from 
FPR-FFS could be based on how much 
greater the economic performance of these 
cultivars proves to be compared with other 
cultivars that have been developed with 
less input from farmers. 
In conclusion, FPR-FFS projects can gen-
erate several types of benefits. Participants 
can benefit from enhanced knowledge and 
higher productivity in addition to improved 
community organization. Local and regional 
estimates for the selection of cultivars and 
management techniques can be improved by 
information from a wider range of sites. Ex-
tension organizations also can benefit from 
experience with participatory methods and 
examples of how recommendations can be 
adapted to local environmental conditions. 
FPR-FFS offers an option for using scarce 
resources more efficiently. 
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